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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a manufacturing 
planning system according to the preamble of claim 1. 
More particularly, the invention is concerned with a man- 
ufacturing planning system which incorporates func- 
tions for generation or creation of production schedules, 
adjustments or alterations thereof and user interfacing. 

As a manufacturing planning system of the type 
mentioned above, there is hitherto known a system in 
which fixed production process sequences, a lead time 
(i.e. the number of days estimated as demanded for 
completion of a product to be manufactured) and the 
number of shop workdays determined on the side of a 
manufacturer are inputted for automatically planning an 
optimal production schedule including optimal start and 
completion dates of the individual processes which are 
determined by counting back the number of days from 
a designated date at which manufacturing of the product 
is to be completed (hereinafter also referred to as the 
product completion date), as is disclosed, for example, 
in JP-A-62-26509. 

In the known system mentioned above, the fixed 
process sequences and the lead time determined on the 
side of the manufacturer are used for creating a planned 
process schedule which is then displayed in comparison 
with a schedule which will be accompanied with the lat- 
est start date. However, this known planning system in- 
corporates no functions for alteration and adjustment of 
the production schedule once established. More specif- 
ically, when there arises a fear that the schedule could 
not be achieved on or before the day designated for 
completion of the product, it becomes necessary to alter 
or adjust the production schedule by taking measures 
for shortening the period of production such as increas- 
ing the production capability or capacity by resorting to 
overtime work and/or operating an alternative shop. 
However, this sort of adjusting function is not incorpo- 
rated in the known system mentioned above. It is further 
noted that when the production capability or capacity is 
changed for adjustment of the production schedule, the 
lead times of the individual processes will undergo cor- 
responding changes. Similarly, alterations of the shops 
and the production start/completion dates will bring 
about changes in the lead times of the individual man- 
ufacturing processes. Consequently, in order to effectu- 
ate the alteration and adjustment of the production 
schedule, it is naturally required to take into considera- 
tion the change in the lead time as involved. 

In the known manufacturing planning system men- 
tioned above, the lead time itself is determined on the 
user side. However, in a manufacturing planning system 
for the manufacturing of ordered products, it is extreme- 
ly difficult to determine on the user side the lead time by 
taking into consideration the types of the product, the 
appointed date of delivery and the production process 



or shop states, although it depends on types of constit- 
uents or parts of the ordered product of concern and 
multiformity of the manufacturing processes. 

EP-A-0 31 9 442 discloses an automated production 

s release system, whereby management parameters and 
objectives are displayed to the user. The user enters pri- 
orities to the system, and the system automatically an- 
alyzes the impact of planned release on the manufac- 
turing process and re-evaluates the order release prior- 

io rties and sequence. However, there is no possibility to 
adapt material requirements to changing production 
conditions. 

EP-A-0 321 375 discloses an automated production 
dispatch system with feedback control, whereby a con- 

15 ceptual desision analysis tool for production dispatch 
process is used to evaluate alternatives during a pro- 
duction process and generate an optimum path to follow 
after a process disruption at a given production center 
in order to maintain the promised due date. However, 

20 only the tardiness of the given production schedule can 
be minimized. Further, the described dispatch system 
has not the capability of quantifying the tardiness. 

Therefore, the object of the present invention is to 
provide a manufacturing planning system which has an 

25 enlarged functionality. 

This object is achieved by a manufacturing planning 
system according to claim 1. A further advantageous 
embodiment is defined by dependent claim 2. 

30 SUMMARY OF THE INVENTION 

In the light of the state of the art described above, 
it is a first advantage of the present invention that a man- 
ufacturing planning system is provided which is capable 

35 of automatically determining a lead time in consideration 
of product specifications, appointed date of delivery and 
production process states and capable of creating a pro- 
duction schedule on the basis of the lead time in an au- 
tomated manner. 

40 A second advantage of the invention is that a man- 
ufacturing planning system is provided which is capable 
of adjusting a production schedule by changing or alter- 
ing a production capability or capacity. 

A third advantage of the invention is that a manu- 

45 facturing planning system is provided which is capable 
of adjusting a production schedule by changing or alter- 
ing a product completion date. 

A fourth advantage of the invention is that a manu- 
facturing planning system is provided which is capable 

50 of adjusting a production schedule by altering produc- 
tion shops. 

A fifth advantage of the invention is that a manufac- 
turing planning system is provided which can aid a plan- 
ner in his or her dec is ion -making for adjustment or al- 
55 teration of a production schedule. 

In view of the above and other advantages, which 
will become apparent as description proceeds, there are 
provided according to aspects of the invention the sys- 
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tern arrangements summarized below. 

1 . In order to perform the production capacity ad- 
justment while calculating sequentially the lead time 

by taking into consideration an amount of work as s 
demanded (hereinafter referred to as the work de- 
mand) and the capacity, there are provided a lead 
time estimating module, a material requirement 
planning (MRP) execution module, a work demand 
calculating module, a problem analyzing module, a 10 
production capability (capacity) adjusting module, a 
data input/output unit and a data storage. 

2. For generating or creating automatically a pro- 
duction schedule, there are provided an initial plan 
data generating module, a master production is 
schedule (MPS) creating module and a work de- 
mand estimating module in addition to the lead time 
estimating module, the MRP executing module, the 
data storage and the data input/output unit men- 
tioned above. 20 

3. For realizing the production schedule adjustment 
or alteration by changing the product completion 
date, there is provided a product completion date 
adjusting module in addition to the lead time esti- 
mating module, the MRP executing module, the 2s 
work demand calculating module and the data stor- 
age. 

4. For realizing the production schedule adjustment 
by changing or altering the production shop, there 

is provided an alternative shop adjusting module in 30 
addition to the lead time estimating module, the 
MRP executing module, the work demand calculat- 
ing module and the data input/output unit. 

Through series of operations of the individual mod- 35 
ules or units mentioned above, the functions contem- 
plated by the invention can be realized in such manners 
as described below. 

1 . A planner or an operator may enter a command 40 
for adjustment of the production capacity through 
the medium of the data input/output unit. The pro- 
duction capacity adjusting module adjusts the ca- 
pacity in accordance with the capacity adjusting 
command. The result of the adjustment is trans- 45 
f erred to the lead time estimating module, which re- 
sponds thereto for fetching the current work de- 
mand and the production capacity from the data 
storage unit and then estimates an updated lead 
time in consideration of adjustment of the capacity, so 
The result of the lead time estimation is stored in 
the data storage. Further, the production capacity 
adjusting module issues a MRP execution com- 
mand to the MRP executing module, which re- 
sponds thereto by fetching data required for MRP ss 
execution from the data storage and executing the 
MRP calculation, the result of which is stored in the 
data storage as well. Additionally, the MRP execut- 



ing module issues a command for calculation of the 
work demand to the work demand calculating mod- 
ule, which responds thereto for thereby calculating 
the work demand for the adjusted production 
schedule. The result of this calculation is stored in 
the data storage. The data input/output unit fetches 
the result of the MRP execution from the data stor- 
age to display it in a predetermined format. 

2. A planner or an operator may input a command 
for generation of initial plan data to the initial plan 
data generating module through the data input/out- 
put unit. In response, the initial plan data generating 
module first issues a master production schedule 
(MPS) generating command to the MPS generating 
module, which then responds thereto by fetching 
data of the product specifications, the appointed 
date of delivery and the production process states 
for generating an MPS, the result of which is stored 
in the data storage. Subsequently, the initial plan 
data generating module issues a command for es- 
timation of the work demand to the work demand 
estimating module, which responds thereto by 
fetching the MPS from the data storage to estimate 
the work demand, the result of which is then stored 
in the data storage. Next, the initial plan data gen- 
erating module issues a command for estimation of 
the lead time to the lead time estimating module, < 
which responds thereto by fetching the current work 
demand and the production capacity from the data 
storage to estimate an updated lead time, the result ; 
of which is again stored in the data storage. Finally, 
the initial plan generating module issues a MRP ex- 
ecution command to the MRP execution module, 
which responds thereto by fetching from the data 
storage the data which are required for executing 
the MRP calculation, the result of which is then * 
stored in the data storage as the initial plan data. 

3. A planner may issue a product completion date 
adjusting command to the completion date adjust- 
ing module through the input/output unit, which then 
adjusts the product completion date. The result of 
the adjustment is transferred to the MRP executing 
module together with a MRP execution command. 
The MRP executing module fetches data required 
for execution of the MRP from the data storage. Af- 
ter execution of the MRP calculation, the result 
thereof is stored in the data storage. Further, the 
MRP executing module issues a work demand cal- 
culation command to the work demand calculating 
module, which responds thereto for calculating the 
work demand for the adjusted or updated produc- 
tion schedule, the result of which is stored in the 
data storage. The data input/output unit fetches 
therein the result of the MRP execution to display it 
in a predetermined format. 

4. A planner may issue an alternative shop adjust- 
ment command to the alternative shop adjusting 
module with the aid of the input/output unit. The al- 
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ternative shop adjusting module adjusts the alter- 
native shop, the result of which is transferred to the 
MRP executing module together with a MRP exe- 
cution command. In response, the MRP executing 
module fetches data required for the MRP execu- s 
tion from the data storage for performing the MRP 
calculation, the result of which is stored in the data 
storage. Further, the MRP executing module issues 
a work demand calculation command to the work 
demand calculating module which responds thereto 10 
for calculating the work demand for the adjusted or 
updated production schedule, the result being 
stored in the data storage. The data input/output 
unit fetches the result of the MAP execution from 
the data storage to display it in a predetermined for- 
mat. 

5. A planner may issue a problem analysis com- 
mand to the problem analysis module with the aid 
of the data input/output unit. In response, the prob- 
lem analysis module fetches therein the result of the 
MRP execution from the data storage to analyze the 
problem. The result of the analysis is displayed by 
the input/output unit in a predetermined format. 

6. A planner may input a lead time estimation com- 
mand to the lead time estimating module through 
the data input/output unit. In response, the lead time 
estimating module fetches therein the current work 
demand and production capacity from the data stor- 
age to estimate an updated lead time. The result of 
this estimation is stored in the data storage as well. 

7. A planner may issue a MRP execution command 
to the MRP executing module through the data in- 
put/output unit. In response, the MRP executing 
module fetches data required for the MRP execu- 
tion and performs a MRP calculation, the result of 
which is stored in the data storage. Additionally, the 
MRP executing module issues a work demand cal- 
culation command to the work demand calculating 
module, which responds thereto by calculating a 
work demand for the adjusted or updated produc- 
tion schedule, the result of which is also stored in 
the data storage. The data input/output unit fetches 
the result of the MRP execution from the data stor- 
age for displaying it in a predetermined format. 

By virtue of the functions provided according to the 
teachings of the invention, there can be realized an im- 
proved manufacturing planning system which is capable 
of determining the lead time by taking into account the 
work demand and the capacity to thereby present the 
result of adjustment of the production schedule with en- 
hanced accuracy and reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a general ar- 
rangement of a manufacturing planning system ac- 
cording to an embodiment of the invention; 



Fig. 2 is a view showing an example of a problem 

analysis command generated on a display; 

Fig. 3 is a similar view showing the first example of 

data resulting from a problem analysis; 

Fig. 4 is a similar view showing the second example 

of data obtained from the problem analysis; 

Fig. 5 is a similar view showing the third example of 

data resulting from the problem analysis; 

Fig. 6 is a view showing an example of display of a 

production capacity adjustment; 

Fig. 7 is a view showing an example of display of a 

product completion date alteration; and 

Fig. 8 is a view showing an example of display of a 

shop alteration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, the present invention will be described in de- 
tail in conjunction with preferred or exemplary embodi- 
ments thereof by reference to Figs. 1 to 8. 

Fig. 1 is a block diagram showing a general ar- 
rangement of a manufacturing planning system accord- 
ing to an embodiment of the invention. Referring to the 
figure, the illustrated system comprises a lead time es- 
timating module 1 for estimating or predicting a lead time 
1 4 on the basis of production capacity/work demand da- 
ta 1 3, an MRP executing module 2 for executing a MRP 
(Material Requirements Planning) in response to one of 
MRP execution commands 18, 22 and 37 or a MRP ex- 
ecution command 23 issued as a result of a product 
completion date adjustment or a MRP execute com- 
mand 24 resulting from an alternative shop adjustment 
on the basis of data for MRP calculation indicated by 28 
to thereby output a result of the MRP execution indicat- 
ed at 27 together with a work demand calculation com- 
mand 25, a work demand calculating module 3 for cal- 
culating a work demand (an amount of the work as de- 
manded for manufacturing) 26 in response to the work 
demand calculation command 25, a production capacity 
adjusting module 4 for performing a production capacity 
adjustment in response to the production capacity ad- 
justment command 15 to thereby output a capacity ad- 
justment result 36 together with the abovementioned 
MRP execution command 22, a product completion date 
adjusting module 5 for adjusting the product completion 
date (i.e. the date at which the product is to be complet- 
ed) in response to a product completion date adjust 
command 16 to thereby output the result of the produc- 
tion completion date adjustment together with the MRP 
execution command 23 mentioned above, an alterna- 
tive shop adjusting module 6 for performing adjustment 
of alternative shop in response to an alternative shop 
adjust command 17 to thereby output the result of the 
alternative shop adjustment together with the above- 
mentioned MRP execution command 24, a problem 
analysis module 7 for analyzing a problem on the basis 
of the result of the MRP execution in response to a prob- 
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lem analysis command 19 to thereby output the result 
of problem analysis as indicated at 20, an initial plan 
data generating module 8 which responds to an initial 
plan data generate command 35 for thereby outputting 
sequentially a MPS (Master Production Schedule) ere- s 
ation command 29, a work demand estimate command 
32, a lead time estimate command 38 and a MRP exe- 
cute command 37, a MPS creating module 9 which re- 
sponds to a MPS create command 29 to thereby create 
a MPS 31 to be outputted on the basis of product spec- 10 
ifications, the appointed date of delivery and production 
process states 30, a work demand estimating module 
10 which responds to a work demand estimate com- 
mand 32 to thereby estimate the work demand (i.e. 
amount of works demanded for the manufacturing) 34 is 
in accordance with the MPS 33, a data storage unit 10 
for storing a variety of data mentioned above, and a data 
input/output unit 12. 

At first, description will be directed to the function of 
the problem analysis module 7 of the manufacturing 20 
planning system shown in Fig. 1 . 

The data input/output unit 12 may be constituted by 
a conventional unit used in a computer system such as 
exemplified by an interactive type data input/output unit 
including a CRT display equipped with a keyboard and 2s 
a mouse. 

Fig. 2 is a plan view showing an example of the 
problem analysis command. In a command menu as 
displayed on the CRT screen shown in Fig. 2, a com- 
mand 40 "PROBLEM ANALYSIS" is picked up by using 30 
the mouse for validating the problem analysis command 
19 shown in Fig. 1. 

The problem analysis module 7 responds to the 
problem analysis command 1 9 to fetch data 21 resulting 
from execution of MRP from the data storage module 11. 3S 

The MRP execution result data includes a purchase 
schedule table (listing items or parts, quantities, ap- 
pointed date of delivery, etc.) for a product as ordered 
and a manufacturing schedule table (listing parts, quan- 
tities, appointed date of delivery). 40 

The problem analysis module 7 consults the pur- 
chase schedule table and the manufacturing schedule 
table to prepare a list of parts (containing the number of 
parts, quantities thereof, appointed date of delivery, dif- 
ference between scheduled date of completion and the *s 
appointed date) for the product for which the scheduled 
date of completion can not be met unless the purchase 
command and the manufacturing start command were 
issued prior to the current time point, whereon the re- 
sults of the problem analysis are outputted to the data so 
input/output unit 12 as indicated at 20. 

Fig. 3 shows an example of data resulting from the 
problem analysis as displayed. In this figure, a reference 
numeral 42 denotes a problem display table in which 
time is taken along the abscissa on a half -month basis ss 
with categories of products being taken along the ordi- 
nate. 

Of the orders for which scheduled dates of comple- 



tion fall within ranges represented by matrices parti- 
tioned by the vertical and horizontal axes, the order for 
which the appointed date of delivery can not be met is 
displayed in a color of high density. In that case, there 
is additionally displayed as information indicating the sit- 
uations surrounding the problem, such as the number 
of orders, quantities, the number of delayed orders and 
maximum delay. 

Detailed information within the matrix associated 
with the order suffering the problem can be referred to 
through procedure which will be described below. 

G) Determination of matrix containing detailed infor- 
mation to be referred to: 

With the aid of the mouse, the matrix of concern 
is picked up. In the case of the display of Fig. 3, it 
is shown that a matrix or block identified in terms of 
period "earlier half of March" and "Category 2" has 
been picked. 

©Display of delayed order list: 

From the command menu, "ORDER LIST" 44 
is picked, whereby a delayed order list table 43 is 
displayed. This table 43 contains information of the 
order (ID) numbers identifying the orders delayed, 
the number of parts which brought about delays for 
the products of the these orders (hereinafter re- 
ferred to as the related part number), the appointed 
date of delivery and delay/spare-time. Details of the— 
information "delay/spare-time" will be explained lat- 
er on. 

Fig. 4 shows another example of the output display 
resulting from the problem analysis. In the figure, a ref- 
erence numeral 46 designates an order number/date-^- 
based problem occurrence location indicating table in - 
which date is taken along the abscissa with the order 
(ID) number being taken along the ordinate. The period 
as displayed corresponds to that shown in Fig. 3, I.e. .. 
earlier half of March with the category being "2". 

In the order number/date-based problem occur- 
rence location indicating table 46, matrices colored in 
high density represent the locations where the problem 
takes place, wherein as the information indicating the 
situations surrounding the problem, there are displayed 
the number of maximum delay (upper) 90 together with 
the number of parts (lower) 90 involving the delay for 
the product suffering from the maximum delay. 

For designating the display of the order number/ 
date-based problem occurrence location indicating ta- 
ble 46, this can be realized by picking an menu item "SE- 
LECT" 45 of the command menu shown in Fig. 3 after 
determination of the detailed information reference ma- 
trix. 

Detailed information of the problem indicating ma- 
trix in the order number/date-based problem occurrence * 
location indicating table 46 can be referred to through 
procedures described below. 
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© Determination of detailed information reference 
matrix: 

The matrix containing the detailed information 
to be referred to is picked by using the mouse. In 
Fig. 4, it is shown that the matrix identified by the 
period "3/4" and the order number °1003 B is picked. 
©Indication of detailed information: 

In the command menu, a command "DETAIL" 
48 is picked. By picking this command, a detailed 
information list table 47 is displayed. The detailed 
information list table 47 contains a product name of 
the designated order number, a type, quantity and 
the number of days corresponding to the maximum 
delay. 

©Display of delayed part list: 

A delayed part list 50 shown in Fig. 5 is dis- 
played in place of the detailed information table 47 
by picking a menu command "PART MENU LIST" 
with the mouse. In this table 47, there are contained 
the delays in terms of the number of days for all the 
parts bringing about the delay for the product of the 
designated order number, quantities and part iden- 
tification numbers. 

Next, description will be turned to a method of ad- 
justing the production schedule by altering or adjusting 
the production capability or capacity. Fig. 6 shows an 
example of display of the production capacity alteration. 

The display shown in Fig. 6 contains a critical path 
indicating field 53, a production capacity indicating field 
54, a product completion date changing menu 55, an 
alternative shop changing menu 56, a capacity adjust- 
ment changing menu 57, an MRP execution designation 
changing menu 58, a production capacity alteration start 
time setting dial 59, a capacity alteration end time setting 
dial 60, a capacity setting dial 61 and others. 

The critical path display 53 can be generated 
through procedure described below. 

©Selection of concerned part: 

A part of concern (i.e. part providing a cause 
for the delay) is selected for adjustment of the pro- 
duction schedule. By way of example, "PARTITION 
WALL" in the delay involving part list 50 shown in 
Fig. 5 is picked with the mouse, and subsequently 
a button "END" 52 also shown in Fig. 5 is picked 
with the mouse. In this manner, as the part of con- 
cern (i.e. part to be coped with), a partition wall is 
selected. 

©Designation of adjustment of production sched- 
ule: 

A menu command "ADJUSTMENT" 51 is 
picked with the mouse from the command menus 
shown in Fig. 5. 
©Problem analysis: 

Through the data input/output unit 12 shown in 
Fig. 1, a problem analysis command 19 is issued. 
In response to this command, the problem analysis 



module 7 fetches the MRP execution result data 21 
from the data storage 1 1 . 

Further, the problem analysis module 7 deter- 
mines the critical path relating to the part of concern 

s selected in the step 1, i.e. the shop and the load 
thereof, whereon the result 20 is transferred to the 
data input/output unit 12. 
©Display of critical path: 

The data input/output unit 12 displays the prob- 

10 [em analysis result data 20 in a predetermined for- 
mat. 

The critical path display field 53 further serves for 
the functions mentioned below. 

15 

©The critical path display 53 displays only the crit- 
ical path or shop which relates to the part of con- 
cern. 

©The display field 53 displays the state or level of 
20 the load (work demand/capacity) of each shop on a 
period basis in a distinct color. 
©The display field 53 displays the production peri- 
od relating to the part of concern in superposition 
on the display mentioned in the paragraph 2. 

25 

By implementing the critical path display field 53 
with the functions©to ©mentioned above, the manu- 
facturing scheduler or planner can easily understand the 
critical path and make decision concerning the appro- 
ve priate measures to be taken, starting from the location 
or shop imposed with heavier load. 

Adjustment of the production schedule by changing 
the production capacity is executed through procedure 
mentioned below. 

35 

©Selection of process for which production capac- 
ity is to be altered: 

In the critical path display field 53, a process or 
production line of which capacity is to be changed 
40 is picked with the mouse. For example, a position 
of the shop 3 enclosed by a solid thick line in Fig. 6 
is picked with the mouse. 

©Generation of production capacity display part 54: 
The state of load and the capacity of the proc- 

45 ess selected in the step 1 are displayed in such a 
format as indicated on the capacity display field 54. 
This display field 54 contains information of the load 
state or level 62, a capacity curve 63, a capacity 
change start point 64, a capacity change end point 

50 65 and a capacity change duration indicating frame 
66. 

©Setting of capacity change start/end point: 

By picking a capacity change start time setting 
dial 59 and a capacity change end time setting dial 
55 60 with the mouse, the capacity change start point 
64 and the capacity change end point 65 are dis- 
placed to the left or the right. In the case of two- 
button type mouse, actuation of the left-hand button 
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causes the capacity change start/end points to be 
moved to the left while operation of the right-hand 
button results in the rightward displacement of 
these points. 
©Change of capacity: 

By picking the capacity setting dial 61 with the 
mouse, the capacity of a section or interval between 
the capacity change start point 64 and the capacity 
change end point 65 is changed. In the case of the 
two-button type mouse mentioned above, actuation 
of the left button causes the capacity curve 63 to be 
moved downwardly (in the direction to decrease the 
capacity) while that of the right button moves the 
curve 63 upwardly (in the direction to increase the 
capacity). 

©Change of lead time: 

On the basis of the result of the capacity change 
in the step 4, the data input/output unit 12 shown in 
Fig. 1 issues a capacity adjust command 15 to the 
capacity adjusting module 4, which then supplies 
the capacity adjustment data 36 to the lead time es- 
timating module 1. This module then updates the 
lead time on the basis of the capacity data, the work 
demand 1 3 and the capacity adjustment data 36 
supplied from the data storage 11 and stores the 
updated lead time to the latter. 
©Execution of MRP calculation: 

The capacity adjusting module 4 issues a MRP 
execution command to the MRP execution module 
2, which then executes the MRP calculation on the 
basis of the MRP data 28 supplied from the data 
storage unit 11. The result 27 of this calculation is 
outputted to the data storage 11. Further, the MRP 
executing module 2 outputs a work demand calcu- 
lation command 25 to the work demand calculating 
module 3. The result 26 of this calculation is output- 
ted from the module 3 to the data storage 11 . 
©Change of critical path display: 

The data input/output unit 12 fetches the MRP 
execution result data 21 from the data storage 11 
to thereby change the display concerning the pro- 
duction period of the part of concern correspond- 
ingly. 

Through the procedure including the steps0to© 
mentioned above, the planner can change or modify the 
production capacity through facilitated manipulation and 
at the same time can confirm on an on-line basis the 
influence which the change of the capacity affects to the 
production schedule. 

Next, description will be turned to a method of ad- 
justing the production schedule by changing or altering 
the product completion date (i.e. the date on which a 
product of concern will have to be completed). Fig. 7 
shows a product completion date alteration display. 

Referring to Fig. 7, the product completion date al- 
teration display includes a critical path display field 67, 
a delay/spare-time display field 68, a product comple- 



tion date alteration menu 69, an alternative shop menu 
70, a capacity adjustment menu 71, a MRP execution 
command menu 72, an order number alteration dial 73 
and a product completion date alteration dial 74. The 
5 display shown in Fig. 7 can be generated, for example, 
by selecting the product completion date alteration 
menu 55 shown in Fig. 6 with the mouse. 

The critical path display field 67 shown in Fig. 7 is 
equivalent to the filed 53 shown in Fig. 6. 

The delay/spare-time display field 68 contains an 
order number area 75, a spare-time area 76, a delay 
area 77, an appointed-delivery date area 78 and a delay/ 
spare-time bar graph area 79. 

Referring to the delay/spare-time bar graph repre- 
sentation 79, a segment in black extending between 
points labeled "CURRENT" and "START" indicates de- 
lay in terms of the number of days, while a white seg- 
ment between "COMPLETION" and "DELIVERY DATE" 
represents an available period in terms of the number 
of days. 

The data "DELIVERY DATE" means the date of de- 
livery appointed to the customer, and the data labeled 
"COMPLETION" means the date at which the product 
is scheduled to be completed on the production sched- 
ule. Ordinarily, in planning the production schedule, the 
product completion date is generally determined with 
some tolerance to the appointed date of delivery. 

Under the circumstances, there may arise a possi- - ; 
bility of altering the scheduled product completion date 
so that it lies closer to the appointed delivery date for * 
the product suffering the delay for the accommodation 
thereof. 

The production schedule alteration (adjustment) by 
changing the scheduled product completion date can 
executed through procedure described below. 

©Selection of the order ID number for which the 
completion date is to be altered: 

When a plurality of critical paths are displayed, 
it is determined for which of the product order num- 
bers the scheduled product completion date is to be 
selected for alteration or adjustment. For the selec- 
tion of the order number, the order number change- 
over dial 73 is picked with the mouse. In the case 
of the two-button type mouse, actuation of the left 
button results in increase of the order number while 
manipulation of the right button decreases the order 
number. Since only one critical path is shown in Fig. 
7, the order number 1003 is selected as the objec- 
tive for alteration of the scheduled product comple- 
tion date. 

©Alteration of scheduled product completion date: 
The scheduled product completion date is al- 
tered by picking the completion date changing dial 
74. In the case of the two-button type mouse, the 
left button is used for setting earlier the completion 
date (by moving the label "COMPLETION" to the 
left) while the right button serves to set later the 
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completion date (by moving the label "COMPLE- 
TION" to the right). 
©Execution of MRP calculation: 

The data input/output unit 1 2 issues the product 
completion date alteration command 1 6 to the com- 
pletion date alteration module 5 on the basis of the 
result of the alteration of the scheduled completion 
date executed at the step 2. The completion date 
alteration module 5 supplies the result of alteration 
of the scheduled product completion date to the 
MRP execution module 2 together with a MRP ex- 
ecution command 23. In response, the MRP execu- 
tion module 2 performs MRP calculation on the ba- 
sis of the relevant data 28 supplied from the data 
input/output unit 11 in consideration of the result of 
alteration of the scheduled product completion 
date. The result 27 of the MRP calculation is stored 
in the data storage 11 . Further, the MRP execution 
module 2 outputs a work demand calculation com- 
mand 25 to the work demand calculating module 3, 
which responds thereto by calculating the work de- 
mand. The result 26 of this calculation is also stored 
in the data storage 1 1 . 

(3) Alteration of critical path/delay/spare-time dis- 
plays: 

The data input/output unit 12 fetches the MRP 
execution result 21 from the data storage 11 to cor- 
rect the critical path and delay/spare-time represen- 
tations being displayed. 

By executing the abovementioned procedure steps 
Q)to@ the operator can easily alter the scheduled date 
of completion of the product through simplified manipu- 
lation and at the same time can confirm on an on-line 
basis what influence will be exerted to the production 
schedule. 

Next, description will be turned to a method of ad- 
justing the production schedule by altering the shops. 
Fig. 8 shows an example of the shop alteration display. 

Referring to Fig. 8, the shop alteration display con- 
tains a critical path display field 80, an alternative shop 
display field 81, a scheduled product completion date 
alteration menu 82, an alternative shop menu 83, a ca- 
pacity adjusting menu 84, a MRP execution command 
menu 85 and so forth. Parenthetically, the display shown 
in Fig. 8 can be generated by picking with the mouse 
the alternative shop menu 56 or 70 shown in Fig. 6 or 
Fig. 7. 

The critical path display 80 shown in Fig. 8 corre- 
sponds to that (53) shown in Fig. 6. 

In the alternative shop display field 81 , there are dis- 
played a group of shops capable of executing opera- 
tions or works equivalent to those involved in the critical 
path as selected, the lead time in each of the alternative 
shops and improvement in terms of days (i.e. the 
number of days by which the lead time is shortened) ex- 
pected to be achieved when the alternative shop is 
adopted. 



Accordingly, assuming now that the alternative 
shop exists in a given process or section of the critical 
path, this means that there is a possibility of canceling 
out the delay by adopting the alternative shop. 
s The production schedule adjustment while altering 
or changing the shop can be executed through a proce- 
dure described below. 

Q) Selection of process for shop alteration: 
io In the critical path display field 80, the process 

for which the shop is to be altered or changed is 
selected with the aid of the mouse. For example, an 
area "SHOP 3° indicated as enclosed by a thick sol- 
id line is picked with the mouse. When the alterna- 
15 tive shop 81 exists, this shop is also displayed in 
the critical path field 80 in such a format as illustrat- 
ed in Fig. 8. 

©Selection of alternative shop: 

By picking the shop identifier or name in the al- 

20 ternative shop display field 81 with the mouse, the 
alternative shop is selected. 
©Execution of MRP calculation: 

The data input/output unit 12 issues an alterna- 
tive shop change command 17 to the alternative 

25 shop change module 6 on the basis of the result of 
the alternative shop selection in the step 2. In re- 
sponse, the alternative shop change module 6 is- 
sues a MRP execution command 24 to the MRP ex- 
ecution module 2 together with the result of the shop 

30 alteration. The MRP execution module 2 fetches 
data for MRP calculation from the data storage 11 
and performs the MRP calculation on the data while 
taking into consideration the result of the shop al- 
teration. The calculation result 27 is then loaded in 

35 the data storage 11. Further, the MRP execution 
module 2 outputs a work demand calculation com- 
mand 25 to the work demand calculation module 3 
which responds thereto by calculating the work de- 
mand. The result 26 of the work demand calculation 

40 is also loaded in the data storage 11 . 
©Alteration of critical path display: 

The data input/output unit 1 2 fetches the result 
21 of MRP execution from the data storage 11 to 
correct the critical path after the alternative shop 

45 has been adopted. The corrected critical path is 
then displayed. 

Through realization of the functions or steps©to@ 
mentioned above, the operator can easily change or al- 
so ter the shop through simplified procedure and at the 
same time can confirm what influence the shop altera- 
tion will exert to the production schedule. 

Next, a procedure for automatically generating ini- 
tial plan data for the production schedule will be de- 
55 scribed below. 

QWhen a command "I NITIAL PLAN B from the com- 
mand menus shown in Fig. 2 is picked by manipu- 
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lating the mouse, the input/output unit 12 shown in 
Fig. 1 issues an initial plan data generating com- 
mand 35 to the initial plan data generating module 

8. 

©The initial plan data generating module 8 issues 
first a MPS generation command 29 to the MPS 
generation module 9 which responds thereto by 
fetching data such as the product specifications, the 
appointed date of delivery and the process state 30 
from the data storage 11 to thereby generate a MPS 
(master production schedule), the result of which is 
loaded in the data storage 11 as indicated by 31 . 
©Next, the initial plan data generating module 8 is- 
sues a work demand estimation command 32 to the 
work demand estimation module 10 which re- 
sponds to the command by fetching the MPS 33 
from the storage 1 1 to make estimation of the work 
demand, the result of which is placed in the data 
storage 1 1 as indicated by 34. 
@The initial plan data generating module 8 now is- 
sues a lead time estimation command 38 to the lead 
time estimation module 1 which responds to the 
command by fetching the work demand and the ca- 
pacity 1 3 at the current time point from the data stor- 
age 11 to thereby estimate an updated lead time, 
the result of which is transferred to the data storage 
11 , as indicated by 14. 

©Finally, the initial plan data generating module 8 
issues a MRP execution command 37 to the MRP 
execution module 2 which responds thereto by 
fetching data sets 28 as required from the data stor- 
age 11 to execute the MRP calculation, the result 
of which is stored in the data storage module 11 as 
the initial plan data. 

By executing the procedure including the steps CD 
to®mentioned above, it is possible to estimate in a fully 
automated manner the work demand and the lead time 
and to create the production schedule by taking into ac- 
count the product specifications, the appointed date of 
delivery and the process state. 

Finally, description will be directed to the principle 
underlying the lead time estimation module and the work 
demand estimation module. 

As a basic module for the lead time estimation mod- 
ule and the work demand estimating module, there may 
be employed, for example, neural networks. 

The neural network has pattern translation capabil- 
ity for translation of pattern between input data and out- 
put data as well as a pattern learning capability. Accord- 
ingly, in conjunction with the lead time estimation func- 
tion and the work demand estimating function, the as- 
sociated neural networks may be taught with data ex- 
emplified below for making it possible for them to per- 
form estimation (i.e. calculation through pattern transla- 
tion) of the lead time and the work demand. 

1 ) Lead time estimation 



Input: capacity and work demand 
Output: lead time 

2) Work demand estimation 

Input: MPS 
Output: work demand 

For particulars of the neural network theory, refer- 
ence may be made to Rumelhart D. E., McClelland J. L 
and The PDP Research group, 1986, Parallel Distribut- 
ed Processing: MIT Press. 

By virtue of the arrangements of the manufacturing 
planning system according to the invention described in 
the foregoing, there can be achieved advantageous ef- 
fects mentioned below. 

1 ) Because the production schedule can be created 
and adjusted while calculating sequentially the work 
demand and the lead time by taking into account 
the product specifications, the appointed date of de- 
livery, the process or shop states and the capacity 
(production capability) as well as changes of them, 
the manufacturing planning can timely be carried 
out with high accuracy. 

2) Owing to the critical path display, understanding 
or recognition of the critical path can be much facil- 
itated while supervisor can easily make decision as 
to the measures to be taken for mitigating heavy 
load, whenever it is required. 

3) By virtue of the production capacity adjusting 
function, the scheduler can easily alter the capacity 
or production capability through simplified manipu- 
lation and at the same time can confirm on a on-line 
basis what influence the change or alteration of the 
capacity will exert onto the production schedule. In 
this way, the system can aid the operator in his or 
her decision-making in the course of execution of 
the production schedule. 

4) Due to the product completion date adjusting 
function, the operator can easily alter the date at 
which the product is to be completed through sim- 
plified procedure and at the same time can confirm 
on an on-line basis the influence which the change 
of the product completion date exerts to the manu- 
facturing schedule. Thus, the system can aid the 
operator in making decisions involved in the course 
of executing the manufacturing plan. 

5) Owing to the shop alteration function, the super- 
visor can alter the shop through simple procedure 
and at the same time can confirm on an on-line ba- 
sis what kind of influence is brought about in the 
production schedule. In this manner, the system 
can aid the planner in making decisions in the 
course of execution of the production schedule. 
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Claims 

1. A manufacturing planning system comprising: 

data input/output means (12) for inputting infor- s 
mation on a prearranged number of products 
and for outputting display information; 
memory means (11) for storing component in- 
formation expressing a plurality of components 
forming a product, and for storing component 10 
lead time information expressing the time nec- 
essary for manufacturing the components of a 
product; and 

work demand calculating means (3) for calcu- 
lating the work demand of the manufacturing *5 
process based on an input of the number of 
components manufactured in the manufactur- 
ing process; 



characterized by: 



20 



MRP (material requirements planning) execut- 
ing means (2) for performing calculation of 
amount of materials required for manufacturing 
the components; 25 
capacity adjusting means (4) for inputting infor- 
mation on a revised manufacturing process and 
on a value of production capacity thereof when 
the production capacity of the manufacturing 
process is changed; and 30 
lead time estimating means (1 ) for calculating 
time of production necessary for manufacturing 
the components based on the work demand of 
the manufacturing process and the revised pro- 
duction capacity; 35 

whereby said manufacturing planning system is ar- 
ranged in such a way, that when said information 
on said prearranged number of products is inputted 
by said input/output means, the following steps are 40 
performed: 

a) the components of a product are determined 
on the basis of said component information, 

b) the number of components of the product to 45 
be manufactured is calculated on the basis of 
said inputted information on said prearranged 
number of products, 

c) the time necessary for manufacturing the 
components of the calculated number on the so 
basis of the component lead time information is 
calculated, and 

d) a date for production completion and a date 
of production start at which the manufacturing 

of the components should be started are out- ss 
putted on the basis of the time necessary for 
manufacturing the components and on the ba- 
sis of the component information, which time is 



calculated in step c); 

and whereby, when the capacity of the manufactur- 
ing process of the components is changed after the 
input of said information on said prearranged 
number of products and after calculation of amount 
of materials required for manufacturing the compo- 
nents, said calculation being performed by said 
MRP executing means, the following steps are per- 
formed: 

e) information on the revised manufacturing 
process and on a value of production capacity 
thereof are inputted to said capacity adjusting 
means (4), 

f) components related to the revised manufac- 
turing process are determined on the basis of 
manufacturing process information stored in 
said memory means (11), 

g) the number of the related components to be 
manufactured is calculated from the result of a 
material requirements plan calculated by said 
MRP executing means, 

h) the work demand of the revised manufactur- 
ing process is calculated by said work demand 
calculating means (3) from the number of com- 
ponents calculated in step g), 

i) the time necessary for manufacturing the 
components is calculated by said lead time es- 
timating means (1 ) from the work demand of the 
revised manufacturing process calculated in 
step h) and from the revised production capac- 
ity, and 

j) the material requirements plan calculation is 
again performed by said MRP executing means 
on the basis of the time calculated in step i) as 
the component lead time, and the date of pro- 
duction completion and the date of production 
start for the revised manufacturing process are 
outputted. 

The manufacturing system according to claim 1, 
wherein the work demand is calculated based on 
neural network means by a predetermined first pat- 
tern translation between input data and output data, 
and 

the time of production is calculated based on neural 
network means by a predetermined second pattern 
translation between input data and output data. 



Patentanspruche 

1 . Herstellungsplanungssystem, aufweisend: 

Dateneingabe/Ausgabe-Mittel (12) zum Einge- 
ben von Information bezuglich einer vorbe- 
stimmten Anzahl von Produkten und zum Aus- 
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geben von Anzeigeinformation; 
Speichermittel (1 1 ) zum Speichern von Kompo- 
nenten-lnformation, die eine Anzahl von Kom- 
ponenten, welche ein Produkt bilden, aus- 
druckt, und zum Speichern von Komponenten- 5 
Vorlaufzeitinformation, die die zum Herstellen 
der Komponenten eines Produkts erforderliche 
Zeit ausdruckt; und 

Arbeitsaufwand-Berechnungsmittel (3) zum 
Berechnen des Arbeitsaufwands des Herstei- io 
lungsprozesses auf der Basis einer Eingabe 
der Anzahl von in dem HerstellungsprozeB her- 
gestellten Komponenten; 

gekennzelchnet durch: is 

MRP-(Materialbedarfsplanungs-)-Ausfuhrungs- 
mittel (2) zum Durchfuhren von Berechnung der 
Menge von Materialien, erforderlich zur Herstel- 
lung der Komponenten; 20 
Kapazitatseinstellungsmittel (4) zum Eingeben 
von Information bezuglich eines uberarbeiteten 
Herstellungsprozesses und bezuglich eines 
Wertes einer Produktionskapazitat davon, 
wenn die Produktionskapazitat des Herstei- 25 
lungsprozesses geandert wird; und 
Vorlaufzeit-Schatzmittel (1) zum Berechnen 
von Produktionszeit, die zum Herstellen der 
Komponenten notig ist, auf der Basis des Ar- 
beitsaufwands des Herstellungsprozesses und 30 
der uberarbeiteten Produktionskapazitat; 

wobei das Herstellungsplanungssystem derart aus- 
gestaltet ist, daG, wenn die Information bezuglich 
der vorbestimmten Anzahl von Produkten durch die 35 
Eingabe/Ausgabe-Mittel eingegeben wird, die fol- 
genden Schritte durchgefuhrt werden: 

a) die Komponenten eines Produktes werden 

auf der Basis der Komponenten information be- *o 
stimmt, 

b) die Anzahl von Komponenten des herzustel- 
lenden Produkts wird auf der Basis der einge- 
gebenen Information bezuglich der vorbe- 
stimmten Anzahl von Produkten berechnet, 45 

c) die zum Herstellen der Komponenten der be- 
rechneten Anzahl erforderliche Zeit wird auf der 
Basis der Komponenten-Vorlaufzeit-lnformati- 
on berechnet, und 

d) ein Datum fur die Produktionsvollendung so 
und ein Datum des Produkt ionsbeginns, zu 
welchem die Herstellung der Komponenten be- 
gonnen werden so lite, werden auf der Basis der 

zur Herstellung der Komponenten notwendi- 
gen Zeit und auf der Basis der Komponenten- ss 
Information ausgegeben, wobei die Zeit in 
Schritt c) berechnet wird; 



und wobei, wenn die Kapazitat des Herstellungs- 
prozesses der Komponenten nach der Eingabe der 
Information bezuglich der vorbestimmten Anzahl 
von Produkten und nach Berechnung der Menge 
von Materialien, welche fur die Herstellung der 
Komponenten erforderlich ist, geandert wird, die 
Berechnung durch die MRP-Ausfuhrungsmittel 
durchgefuhrt wird, die folgenden Schritte durchge- 
fuhrt werden: 

e) Information bezuglich des uberarbeiteten 
Herstellungsprozesses und bezuglich eines 
Wertes einer Produktionskapazitat davon wer- 
den den Kapazitatseinstellungsmitteln 4 einge- 
geben, 

f) Komponenten, bezogen auf den uberarbeite- 
ten HerstellungsprozeB werden auf der Basis 
von in den Speichermitteln (11) gespeicherten 
HerstellungsprozeG-lnformation bestimmt, 

g) die Anzahl der herzustellenden bezogenen 
Komponenten wird aus dem Ergebnis eines 
durch die MRP-Ausfuhrungsmittel berechne- 
ten Mate rial bedarfsplans berechnet, 

h) der Arbeitsaufwand des uberarbeiteten Her- 
stellungsprozesses wird durch die Arbeitsauf- 
wands-Berechnungsmittel (3) aus der in Schritt 
g) berechneten Anzahl von Komponenten be- 
rechnet, 

i) die zum Herstellen der Komponenten bend- 
tigte Zeit wird durch die Vorlaufzeit-Schatzmit- 
tel (1) aus dem in Schritt h) berechneten Ar- 
beitsaufwand des uberarbeiteten Herstellungs- 
prozesses und aus der uberarbeiteten Produk- 
tionskapazitat berechnet, und 

j) die Materialbedarfsplan-Berechnung wird er- 
neut durch die MRP-Ausfuhrungsmittel durch- 
gefuhrt auf der Basis der in Schritt i) berechne- 
ten Zeit als der Komponenten-Vorlaufzeit, und 
das Datum der Produktionsvollendung und das 
Datum des Produktionsbeginns fur den uberar- 
beiteten HerstellungsprozeB werden ausgege- 
ben. 

2. Herstei lungssystem gemaG Anspruch 1, bei wel- 
chem der Arbeitsaufwand berechnet wird auf der 
Basis von neuronalen Netzwerk-Mitteln durch eine 
vorbestimmte erste Muster-Translation zwischen 
Eingabedaten und Ausgabedaten, und 
die Produktionszeit berechnet wird auf der Basis 
von neuronalen Netzwerk-Mitteln durch eine vorbe- 
stimmte zweite Muster-Translation zwischen Ein- 
gabedaten und Ausgabedaten. 



Revendlcatlons 

1. Systeme de planification de fabrication, 
comportant : 
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des moyens d'entree/sortie de donnees (12) 
pour entrer des informations relatives a un 
nombre preetabli de produits et delivrer en sor- 
tie des informations d'affichage ; 
des moyens de memorisation (1 1 ) pour memo- 5 
riser des informations relatives a des compo- 
sants exprimant une pluralite de composants 
formant un produit, et memoriser des informa- 
tions relatives au delai d'approvisionnement en 
composants exprimant le temps necessaire a 10 
la fabrication des composants d'un produit ; et 
des moyens de calcul de charge de travail (3) 
pour calculer la charge de travail du processus 
de fabrication sur la base de I'entree du nombre 
de composants fabriques au cours du proces- is 
sus de fabrication ; 

caracterise en ce qu'il comporte : 

des moyens d'execution de MRP (planification 20 
des besoins en materiaux) (2) pour effectuer le 
calcul de la quantite de materiaux requis pour 
la fabrication des composants ; 
des moyens d'ajustement de capacite (4) pour 
entrer des informations relatives a un proces- 25 
sus de fabrication revise et a la valeur de sa 
capacite de production lorsque la capacite de 
production du processus de fabrication est 
modifiee ; et 

des moyens d'estimation de delai d'approvi- 30 
sionnement (1) pour calculer le temps de pro- 
duction necessaire a la fabrication des compo- 
sants sur la base de la charge de travail du pro- 
cessus de fabrication et de la capacite de pro- 
duction revisee ; 35 

ledit systeme de planification de fabrication 
etant concu de telle sorte que, lorsque lesdites in- 
formations relatives audit nombre preetabli de pro- 
duits sont entrees via lesdits moyens d'entree/sor- *o 
tie, les etapes suivantes sont effectuees : 

a) les composants d'un produit sont determines 
sur la base desdites informations relatives aux 
composants, 45 

b) le nombre de composants du produit a fabri- 
quer est calcule sur la base desdites informa- 
tions entrees relatives au nombre preetabli de 
produits, 

c) le temps necessaire a la fabrication du nom- so 
bre calcule de composants sur la base des in- 
formations relatives au delai d'approvisionne- 
ment en composants est calcule, et 

d) une date de fin de production et une date de 
debut de production a laquelle doit etre com- 55 
menc6e la fabrication des composants sont de- 
livrees en sortie sur la base du temps neces- 
saire a la fabrication des composants et sur la 



base des informations relatives aux compo- 
sants, lequel temps est calcule a I'etape c) ; 

et, lorsque la capacite du processus de fabri- 
cation des composants est modifiee apres I'entree 
desdites informations relatives audit nombre pree- 
tabli de produits et apres le calcul de la quantite de 
materiaux requis pour fabriquer les composants, le- 
dit calcul etant effectue par lesdits moyens d'exe- 
cution de MRP, les etapes suivantes sont 
effectuees : 

e) des informations relatives au processus de 
fabrication revise et a la valeur de sa capacite 
de production sont entrees sur lesdits moyens 
d'ajustement de capacite (4), 

f) les composants relies au processus de fabri- 
cation revise sont determines sur la base des 
informations relatives au processus de fabrica- 
tion memorisees dans lesdits moyens de me- 
morisation (11), 

g) le nombre de composants concernes a fabri- 
quer est calcule a partir du resultat d'un plan de 
specification des besoins en materiaux calcule 
par lesdits moyens d'execution de MRP, 

h) la charge de travail du processus de fabrica- 
tion revise est calculee par lesdits moyens de 
calcul de charge de travail (3) a partir du nom- 
bre de composants calcule a I'etape g), 

i) le temps necessaire a la fabrication des com- 
posants est calcule par lesdits moyens d'esti- 
mation de delai d'approvisionnement (1 ) a par- 
tir de la charge de travail du processus de fa- 
brication revise, calculee a I'etape h) et a partir 
de la capacite de production revisee, et 

j) le calcul du plan de specifications des be- 
soins en materiaux est a nouveau effectue par 
lesdits moyens d'execution de MRP sur la base 
du temps calcule a I'etape i) comme delai d'ap- 
provisionnement en composants, et la date de 
fin de production et la date de debut de produc- 
tion du processus de fabrication revise sont de- 
livrees en sortie. 

2. Systeme de fabrication selon la revendication 1, 
dans lequel la charge de travail est calculee sur la 
base de moyens formant reseau neuronal via une 
premiere traduction predeterminee entre les don- 
nees d'entree et les donnees de sortie, et 

le temps de production est calcule sur la base 
de moyens formant reseau neuronal via une secon- 
de traduction predeterminee entre les donnees 
d'entree et les donnees de sortie. 
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